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LENS SYSTEM AND IMAGE-TAKING APPARATUS HAVING THE SAME 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a lens system and, 
for example, a lens system preferably used as an image- 
taking optical system of an image-taking apparatus such as a 
digital video camera, a digital still camera and the like. 

Description of the Related Art 

[0002] In recent years, in addition to cameras using 

silver salt films, for example, 35mm-size cameras, digital 
video cameras and digital still cameras using solid-state 
image pickup elements such as CCD sensors and CMOS sensors 
have been rapidly popularized as new categories of image- 
taking apparatuses . 

[0003] In such digital still cameras and digital video 

cameras, there has been a strong demand for higher fineness 
in taken images and downsizing of the image-taking apparatus 
bodies, and accordingly, combining a high resolution power 
and downsizing has been required in the image-taking systems 
(image-taking lenses) . In particular, for low-profile 

cameras which attach importance to portability, image-taking 
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lenses with a short entire lens length have been strongly 
requested. For a shorter whole lens length, it is 

advantageous to reduce the number of component lenses as 
small as possible. 

[0004] In addition, in terms of a camera using a solid- 
state image pickup element, if the distance from the exit 
pupil of the image-taking lens to the image plane is 
extremely short, shading occurs since an incident angle of 
an off-axis light ray into the light receiving plane is 
great. Accordingly, for such an image-taking lens to form 
an image on a solid-state image pickup element, a 
telecentric optical system where the exit pupil is 
sufficiently distant from the image plane is requested. 
[0005] As an embodiment to realize a telecentric optical 
system, a so-called retro focus type is known wherein a lens 
unit on an object side beyond an aperture stop has a 
negative refractive power and a lens unit on an. image side 
beyond the aperture stop has a positive refractive power. 
In a retro focus-type image-taking lens, a front lens 
component and a rear lens component which are positioned 
across an aperture stop both act so as to make an angle 
formed by the off-axis principal ray and optical axis small, 
this is preferable to maintain telecentricity . 
[0006] As a retro focus-type image-taking lens, for 

example, a retro focus-type image-taking lens with a 3 units 



- 3 - 



CFV00137 AAFA 



and 4 elements structure of a negative lens, a stop, a 
cemented lens, and a positive lens is known (Patent document 
1, for example) . 

[0007] In addition, a retro focus-type image-taking lens 
with a 3 units and 4 elements structure of a negative lens, 
a stop, a positive lens, and a cemented lens is known 
(Patent documents 2-14, for example) . 

[0008] In addition, a retro focus-type image-taking lens 
with a 4 units and 4 elements structure of a negative lens, 
a stop, a positive lens, a negative lens, and a positive 
lens is known (Patent document 15, for example) • 
[0009] In addition, a retro focus-type image-taking lens 
with a 4 units and 5 elements structure of a negative lens, 
a stop, a positive lens, a cemented lens having a positive 
refractive power, and a negative lens is known (Patent 
document 16, for example) . 

[0010] In addition, a retro focus-type image-taking lens 
with a 4 units and 5 elements structure of a negative lens, 
a stop, a positive lens, a cemented lens having a positive 
refractive power, and a positive lens is known (Patent 
document 17, for example). 

[0011] In addition, a retro focus-type image-taking lens 
with a 5 units and 5 elements structure of a negative lens, 
a stop, a positive lens, a negative lens, a positive lens, 
and a positive lens is known (Patent documents 18 and 19, 
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for example) . 

[0012] In addition, a retro focus-type image-taking lens 
with a 4 units and 4 elements structure of a negative lens, 
a positive lens, a stop, a negative lens, and a positive 
lens is known (Patent document 20, for example) . 
[Patent document 1] US Patent No. 5,251,073 

[Patent document 2] US Patent No. 5,724,190 

[Patent document 3] Japanese Patent Application Laid-Open 

No. H10 (1998)-048515 

(Corresponding US Patent No. 5,796,528) 
[Patent document 4] Japanese Patent Application Laid-Open 



No. H09 (1997) -179022 
[Patent document 5] 
No. H09(1997) -033802 
[Patent document 6] 
No. H08 (1996) -005908 
[Patent document 7] 
No. Hll (1999) -119093 
[Patent document 8] 
No. H10 (1998) -142496 
[Patent document 9] 
No. H05 (1993) -288985 
[Patent document 10] 
No. H09 (1997) -090218 
[Patent document 11] 



Japanese Patent Application Laid-Open 

Japanese Patent Application Laid-Open 

Japanese Patent Application Laid-Open 

Japanese Patent Application Laid-Open 

Japanese Patent Application Laid-Open 

Japanese Patent Application Laid-Open 

Japanese Patent Application Laid-Open 
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No. H10(1998)-300906 
[Patent document 12] 
No. H10(1998)-301025 
[Patent document 13] 
No. Hll(1999)-038316 
[Patent document 14] 
No. Hll (1999) -109233 
6, 118, 592) 

[Patent document 15] 
No. H10(1998)-048514 
[Patent document 16] 
[Patent document 17] 
No. 2000-002835 
[Patent document 18] 
No. 2001-100094 
[Patent document 19] 
No. 2002-098887 
[Patent document 20] 
H05 (1993) -037288 

[0013] In a retro focus-type image-taking lens, in order 
to provide a compact lens structure with narrowed lens 
intervals, it is preferable to strengthen a negative 
refractive power of the front lens component and to compose 
the rearmost lens unit (a lens closest to the image side) of 
a positive lens. At this time, it is necessary, in order to 
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maintain telecentricity , to strengthen refractive power of 
the rearmost lens. However, if the refractive power of the 
rearmost lens of the rear lens component becomes excessively 
strong, barrel-shaped distortion and astigmatism greatly 
occur. For avoidance thereof, the front lens component and 
rear lens component must be arranged apart to some extent, 
and consequently, it is very difficult to realize a lens 
system to satisfy requests such as downsizing, 
telecentricity, and good optical performance. 

[0014] In order to maintain telecentricity while realizing 
a compact lens structure, it is necessary that an angle 
formed by an off-axis principal ray and an on-axis principal 
ray which are directed from the rearmost lens toward the 
maximum image height is in a certain range. When these are 
taken into consideration, none of the image-taking lenses as 
disclosed in the above-described patent documents 1-20 were 
sufficient for a lens system to form an image in a solid- 
state image pickup element. 

SUMMARY OF THE INVENTION 

[0015] An object of the present invention is to provide a 
lens system which maintains telecentricity and high optical 
performance despite a simple and small-sized structure. 
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[0016] A lens system from an aspect of the present 

invention comprises, in order from the front (object side) 
to the rear (image side), a first lens unit having a 
negative optical power (an optical power is a reciprocal of 
a focal length) , an aperture stop, and a second lens unit 
having a positive optical power. And, the first lens unit 
consists of a lens element whose rear surface has a concave 
shape, and the second lens unit comprises three lens 
elements. 

[0017] In addition, a lens system from another aspect 

comprises, in order from the front to the rear, a first lens 
element having a meniscus shape whose concave surface is 
directed rearward and having a negative optical power, an 
aperture stop, a second lens element whose both lens 
surfaces have a convex shape, a third lens element whose 
both lens surfaces have a concave shape, and a fourth lens 
element whose rear surface has a convex shape and having a 
positive optical power, and lens elements included in the 
lens system are only these first to fourth lens elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Fig. 1 is a lens section view of a lens system of 
Embodiment 1 . 
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[0019] Fig. 2 is an aberration diagram of a lens system of 
Embodiment 1 . 

[0020] Fig. 3 is a lens section view of a lens system of 
Embodiment 2 . 

[0021] Fig. 4 is an aberration diagram of a lens system of 
Embodiment 2 . 

[0022] Fig. 5 is a lens section view of a lens system of 
Embodiment 3 . 

[0023] Fig. 6 is an aberration diagram of a lens system of 
Embodiment 3 . 

[0024] Fig. 7 is a lens section view of a lens system of 
Embodiment 4 . 

[0025] Fig. 8' is an aberration diagram of a lens system of 
Embodiment 4 . 

[0026] Fig. 9 is a lens section view of a lens system of 
Embodiment 5 . 

[0027] Fig. 10 is an aberration diagram of a lens system 
of Embodiment 5. 

[0028] Fig. 11 is a lens section view of a lens system of 
Embodiment 6 . 

[0029] Fig. 12 is an aberration diagram of a lens system 
of Embodiment 6. 

[0030] Fig. 13 is a lens section view of a lens system of 
Embodiment 7 . 

[0031] Fig. 14 is an aberration diagram of a lens system 
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of Embodiment 7 . 

[0032] Fig. 15 is a lens section view of a lens system of 
Embodiment 8 . 

[0033] Fig. 16 is an aberration diagram of a lens system 
of Embodiment 8 . 

[0034] Fig. 17(A) is a front view of a digital still 

camera, and Fig. 17(B) is a side sectional view. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0035] Hereinafter, Embodiments 1-8 (hereinafter, 

generically referred to as "the present embodiments" unless 
otherwise provided) of the present invention will be 
described in detail by use of the drawings. The lens 
systems of the present embodiments are image-taking lenses 
to be used to form an image in a solid-state image pickup 
element . 

[0036] Fig. 1, Fig. 3, Fig. 5, Fig. 7, Fig. 9, Fig. 11, 
Fig. 13, and Fig. 15 are lens section views of image-taking 
lenses corresponding to Embodiments 1-8. Fig. 2, Fig. 4, 
Fig. 6, Fig. 8, Fig. 10, Fig. 12, Fig. 14, and Fig. 16 are 
various aberration diagrams of the image-taking lenses of 
Embodiments 1-8. In the lens section views, the left side 
is an image-taken object side (an object side, front) and 
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the right side is an image plane side (rear) . 

[0037] In each lens section view, OL denotes an image- 

taking lens* The image-taking lens OL is constituted by a 
first lens unit (front lens component) LI having a negative 
refractive power (optical power) , an aperture stop SP, and a 
second lens unit (rear lens component) L2 having a positive 
refractive power, and has a retro focus-type lens structure. 
G denotes an optical block corresponding to an optical 
filter, face plate or the like. IP denotes an image plane, 
which corresponds to a position of an image pickup plane of 
a solid-state image pickup element (photoelectric conversion 
element) such as a CCD sensor, a CMOS sensor or the like. 
[0038] In the respective aberration diagrams, d and g show 
d-line and g-line, AM and AS show a meridional image plane 
and a sagittal image plane, and co shows a half-filed angle. 
Chromatic aberration of magnification is shown by the g-line. 
[0039] Here, in the image-taking lenses OL of the present 
embodiments, the first lens unit LI consists of a first lens 
Gl whose image-side surface has a concave shape, having a 
negative refractive power. The second lens unit L2 is 
constituted by a second lens G2 whose both lens surfaces 
have a convex shape, having a positive refractive power, a 
third lens G3 whose both lens surfaces have a concave shape, 
having a negative refractive power, and a fourth lens G4 
whose object-side surface has a convex shape, having a 
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positive refractive power. In the respective lenses G2-G4 
of the second lens unit L2, intervals thereof are reduced as 
small as possible to realize compactness. 

[0040] As such, the image-taking lenses OL of the present 
embodiments have satisfactory optical performance with a 4 
units and 4 elements lens structure and thus achieve a 
small-sized simple structure. 

[0041] In the present embodiments, in order to reduce the 
respective lens intervals of the second lens unit L2, a 
glass material whose refractive index is 2.0 or more is used 
for the second lens G2 . If a reduction of the entire lens 
length of the second lens unit L2 is intended in a condition 
where the refractive index of the material of the second 
lens G2 is small, a refractive power to raise up an off-axis 
light ray in the interval between the second lens G2 and 
third lens G3 weakens and it becomes difficult to maintain 
satisfactory off -axis performance. On the other hand, if 
curvature of the lens surface is reduced to strengthen the 
refractive power of the second lens G2, the second lens G2 
increases in thickness and consequently causes an increase 
in size. Accordingly, in the present embodiments, while the 
radius of curvature of the lens surfaces is increased, a 
glass material whose refractive index is 2.0 or more is used 
so as to increase the refractive power of the second lens G2 
Accordingly, it becomes possible to narrow the lens 
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intervals between the respective lenses of the second lens 
unit L2, thus high performance can be realized despite a 
compact lens structure. 

[0042] In addition, in the present embodiments, an 

aperture stop SP is provided between the first lens unit LI 
and second lens unit L2 so that the combination of 
maintaining telecentricity and downsizing can be realized. 
For example, in a case where the aperture stop SP is 
arranged at an object side beyond the first lens Gl to 
separate the exit pupil from the image plane as much as 
possible, it becomes difficult to maintain satisfactory 
optical performance, and since the aperture stop SP is 
positioned outside the entire lens system, this results in 
an increase in size in terms of an optical device including 
the lens barrel. In addition, if the aperture stop SP is 
arranged at an image side beyond the second lens G2, it 
becomes difficult to sufficiently separate the exit pupil 
from the image plane. 

[0043] The first lens unit LI consists of a meniscus- 

shaped single lens Gl whose concave surface is directed to 
the image side. In contrast thereto, in a case of a 
structure where the concave surface is directed toward an 
object side, although the entire lens length does not change, 
this results in an increase in size in terms of an optical 
device including the lens barrel. It is necessary to 
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provide the first lens Gl with an effect to refract the off- 
axis principal ray to some degree to make the exit pupil 
position separate. Accordingly, although the first lens Gl 
requires a certain degree of negative refractive power, 
consequently, barrel-shaped distortion easily occurs at the 
first lens Gl. Minimizing the incident angle of the off- 
axis principal ray is effective to hold this occurrence of 
distortion to a minimum. For example, if a concentric 
radius of curvature is provided, the off-axis incident angle 
can be made 0, however, this cannot provide the above- 
described "some degree" of negative refractive power. 
Accordingly, in the image-taking lens OL of each of the 
present embodiments, the first lens Gl is formed so that the 
object-side surface is provided with a large radius of 
curvature and the image side surface is provided with a 
small radius of curvature with respect to a concentric shape, 
so as to strengthen the refractive power, while the first 
lens Gl maintains a meniscus shape whose strong concave 
surface is directed toward the image side to hold occurrence 
of distortion to a minimum. And, this distortion is 
corrected by the second lens unit L2 . 

[0044] In addition, an aspherical surface is used in the 
fourth lens G4 of the rearmost lens to obtain satisfactory 
image-forming performance. If the fourth lens G4 is 

composed of a spherical lens, refractive power of the 
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rearmost lens must be strengthened, whereby a barrel-type 
distortion and an under-curvature of field occur, thus it 
becomes difficult to . obtain satisfactory image-forming 
performance. In order to improve image-forming performance 
by only spherical lenses, the number of lenses must be 
increased, and it becomes difficult to make the entire lens 
system compact. Therefore, in each embodiment, an 

aspherical surface is used in the fourth lens G4 to 
satisfactorily perform aberration correction. 

[0045] In the image-taking lens OL of each of the present 
embodiments, where an entire lens length (a distance from 
the object-side lens surface of the first lens Gl to the 
image-side lens surface of the fourth lens G4) is provided 
as td, a focal length of the entire lens system is provided 
as f, a focal length of the first lens unit LI (first lens 
Gl) is provided as fl, and an interval from the object-side 
surface of the first lens unit LI (first lens Gl) to the 
object-side surface of the second lens unit L2 (second lens 
G2 ) is provided as d2, 

one or more of the following conditional expressions are 
satisfied: 

0.7<td/f<1.3 ... (1) 

0.8<|fl|/f<2.5 ... (2) 

0.1<d2/f<0.8 ... (3) . 
[0046] In addition, when applied to an image-taking 
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apparatus (camera) to form an image within a predetermined 
effective image pickup plane of a solid-state image pickup 
element or the like by the image-taking lens of each 
embodiment, where an effective diameter of the most image- 
side surface of the second lens unit L2 (image side surface 
of the fourth lens G4) is provided as <|>, a half-field angle 
of the entire system of the image-taking lens OL is provided 
as a>, a distance from the most image side surface of the 
image-taking lens OL to a position of the rear principal 
point of the image-taking lens OL is provided as ok, and an 
angle formed by the off-axis principal ray which are 
directed from the most image-side surface of the second lens 
unit L2 (image-side surface of the fourth lens G4) to the 
maximum image height on the effective image-pickup plane and 
an on-axis principal ray is provided as 0, 

one or more of the following conditional expressions are 
satisfied: 

0.19<(tan© - <|>/2f)/(l - ok/f)<0.37 ... (4) 

15°<9<25° (5) . 

[0047] Next, technical meanings of the above-described 

conditional expressions will be described. 

[0048] Conditional Expression (1) is an expression to 

define the entire lens length. When the upper limit of the 
Conditional Expression (1) is exceeded, it is difficult to 
make the entire lens system compact, refractive power of the 
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first lens Gl weakens, and consequently, refractive power of 
the fourth lens G4 strengthens, therefore, it becomes 
difficult to obtain satisfactory optical performance. In 
addition, when the entire lens length is reduced beyond the 
lower limit value, respective lens intervals are accordingly 
reduced, no interval to place a stop unit is secured and 
refractive power of the first lens Gl strengthens, therefore, 
it becomes difficult to obtain satisfactory optical 
performance . 

[0049] Conditional Expression (2) is an expression to 

define the focal length of the first lens unit LI, namely, 
the refractive power. If the refractive power strengthens 
beyond the upper limit value of Conditional Expression (2), 
since it is necessary to strengthen the refractive power of 
the fourth lens G4, it becomes impossible to reduce the 
Petzval sum, and curvature of field greatly occurs, this is 
not preferable. In addition, if the refractive power 
strengthens beyond the lower limit value of Conditional 
Expression (2), distortion and astigmatism excessively occur 
at the first lens Gl, and correction thereof is difficult 
even by use of an aspherical surface, thus this is not 
preferable . 

[0050] Conditional Expression (3) is an expression to 

define the interval between the first lens Gl and second 
lens G2, namely, the entire lens length. If the interval 
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between the first lens Gl and second lens G2 widens beyond 
the upper limit, the entire lens length cannot be shortened, 
refractive power of the first lens Gl weakens, and 
consequently, refractive power of the fourth lens G4 
strengthens, therefore, it becomes difficult to obtain 
satisfactory optical performance. In addition, if the lens 
interval becomes small beyond the lower limit value, no 
interval to place a stop unit is secured and refractive 
power of the first lens Gl strengthens, therefore, it 
becomes difficult to obtain satisfactory optical performance, 
[0051] Conditional Expression (4) is an expression to 

define the light amount of the entire effective image-pickup 
plane . If the light amount exceeds the upper limit of 
Conditional Expression (4), the outside diameter of the 
image-taking lens becomes large-sized as a result of an 
increase in the rear-lens diameter of the image-taking lens, 
this is not preferable. In addition, if the light amount is 
reduced beyond the lower limit of Conditional Expression (4), 
the light amount in the periphery of the image-pickup plane 
becomes small, causing a problem such as shading, therefore, 
this is not preferable. 

[0052] Conditional Expression (5) is an expression to 

define an angle formed by an off-axis principal ray which 
are directed from the rearmost surface of the rearmost lens 
(fourth lens G4) toward the maximum image height and an on- 
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axis principal ray. If the angle is increased beyond the 
upper limit of Conditional Expression (5) , since a problem 
such as shading occurs, this is not preferable- In addition, 
if the angle is reduced beyond the lower limit of 
Conditional Expression (5), since refractive power of the 
fourth lens G4 must be strengthened, it becomes impossible 
to reduce the Petzval sum, and curvature of field greatly 
occurs, this is not preferable. In addition, in order to 
suppress the refractive power of the fourth lens G4, it is 
necessary to strengthen the negative refractive power of the 
first lens Gl or to lengthen the entire lens length, it 
becomes difficult to make the entire lens system compact. 
[0053] Moreover, in each embodiment, when a refractive 
index of the material in the second lens unit L2 is provided 
as n, the second lens unit L2 has a lens which satisfies the 
following condition : 
n>2.0 (6) . 

[0054] Conditional Expression (6) is an expression to 

define the refractive index of the lens material in the 
second lens unit L2 . If the refractive index becomes small 
beyond the lower limit value of Conditional Expression (6), 
intervals between the respective lenses in the second lens 
unit L cannot be narrowed, and it becomes difficult to 
shorten the entire lens length. 

[0055] Herein, as a method for, while satisfactorily 
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performing aberration correction, further downsizing the 
entire lens system, it is preferable to set numerical value 
ranges of the above-described Conditional Expressions (1)- 
(6) as follows: 

0.72<td/f<1.26 ... (la) 

1.0<|fl|/f<2.4 ... (2a) 

0.15<d2/f<0.7 ... (3a) 

0.195<(tanco - 4>/2f)/(l - ok/f)<0.365 ... (4a) 
16°<e<24.5° ... (5a) 
n>2 . 001 ... (6a) . 

[0056] As above, in each embodiment, a wide filed angle 
for image-taking is realized by employing a retro focus-type 
lens system, and by adjusting the exit pupil position, a 
compact image-taking lens whose number of lenses is small, 
filed angel for image-taking is approximately 55°, F-number 
is approximately 2,9 and which has high optical performance 
where various aberrations of the entire image-pickup plane 
have been satisfactorily corrected is achieved. 
[0057] Next, Numerical Examples 1-8 corresponding to 

Embodiments 1-8 of the present invention, respectively, will 
be shown. In each numerical example, i shows an order of 
the optical surface from the object side, ri shows a radius 
of curvature of the i-th optical surface (i-th surface) , di 
shows an interval between the i-th surface and i+l-th 
surface, ni and vi respectively show a refractive index and 
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Abbe's number of the material for the i-th optical member 
with respect to the d-line. 

[0058] In addition, k is provided as a conic coefficient, 
B, C, D, and E are provided as aspherical coefficients. 
Furthermore, when a displacement in the optical axis 
direction at a position of a height h from the optical axis 
is provided as x with reference to the surface apex, an 
aspherical shape is expressed by: 

x = , (1 7 R)h2 + Bh 4 + Ch 6 + Dh 8 + Eh 10 

1 + Vtt - (1 + K ) ( h / R ) 2 > 

[0059] Herein, R denotes a radius of curvature. In 

addition, for example, a "D-Z" expression means "10" z ." In 

addition, correspondence of each numerical example to the 

above-described conditional expressions is shown in Table 1. 

f denotes a focal length, fno denotes an F-number, and a> is 

a half-filed angle. 

[0060] In Numerical Examples, rlO and rll mean surfaces of 
an optical block G. 
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9 -8.1717DM0 -UOttSWO! -2.6017IM1 J.S4I1TD-0S 



10 



-3.CQJMDHH) -6.8447SWCQ 



-MTM3M3 



6.67046O-OS -6.MS99H4 1.919990-04 
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[0065] 
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NUMERICAL REFERENCE 5 

f«6.i0 !n-l:2.9 ?««W.3° 



r 2 

it 
if j 

if 

1 1» 

til" 



11,170 d I" 

t ooo d 

APERTURE STOP J J* 



5. 156 

-o.m 

-0.004 

oo 

00 



1 10* 



0.60 
104 

1 
li 

1.65 



D 1*1.44749 Kl* 70.1 



Ot=t. 00339 
bRMMO 
o 4«I.7T!S0 
a$=l,S44tf 



*I* tt.3 
ir 3» 10.9 
**> 40.6 
vS« TO. 6 



SURFACE NO. CURVATURE 



ASPHERICAL COEFFICIENT 



K 



-8.37172IH00 *M9460DfO! 



B 

-3.60X74M1 



C 

0.S4S17O-O3 



10 



-3.003641HOO -6.S44T9W00 -1,374360-02 



6.6T044H1 -0.945990-04 I.41999H4 
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[0066] Numerical Example 6 
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NUMERICAL REFERENCE 6 

f»6.60 100*1:19 2w»63.9° 




dl* 
Hi 


0.10 




d3« 


i 


it 






0. 0 


if 


0:40 


1.07 


$ 


Ml 

i.ii 



1 1=1.40749 f:1«TU 



tH 00130 

bm.9M6 

»4«l.77!SQ 
DW.544W 



►Mil 
vl« 18.9 

v 5 s 70. 6 



SURFACE NO. 

9 



CURVATURE 



ASPHERICAL COEFFICIENT 

K 8 C 

-1.053MDW1 -l.SOIimOl -1.84mM2 4.6559TNW 



10 -M49UWO0 -6.440L6DHIQ -2.SS7J0M2 



4.7M02M3 -UflMflHM 



1.2S6MH4 
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[0067] Numerical Example 7 
NUMERICAL REFERENCE 7 

Uu ft»:l:2.9 2a» 53. 7 



rl« 130S 

r 2» 1:14! 

f Ja APERTURE STOP 



r 5» 
r9« 

Mi 



4.914 

-mi 

-8. SO! 
6. 558 
9T.328 
-4.198 

oo 

00 



d l> 0.50 

> 1.8 

i 

o.» 



B 1=1,48749 rt»ft! 



it 

it 

410- 



1:8 

I.6S 



o W.00J30 

14*1.(3330 
»H.$44H 



vb 19.9 
V4*8.i 



SURFACE NO. CURVATURE ASPHERICAL COEFFICIENT 

9.73333W01 1.JW4W03 3.81I5TMS J,1«90H3 



9 
10 



-4.297SSM) -9 304TUHOO 4.36703M3 3.M48IH3 -2.00019M4 8.49398D-0S 
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[0068] Numerical Example 8 

NUMERICAL REFERENCE 8 

K7.00 0*1:2.9 2««53,7 



it 
ft 

r 5* 
r 6= 

r 8« 

r 9* 
rlO= 



ij.no di« 

4.000 dt» 

W>ERTURE STOP |j |» 

III 113 

-lo.iw 

-J. 040 

CO 

oo 



.4* 
dS» 
it* 
i 7« 
d 8= 
d 9- 
dlO- 



0.50 
1.21 
-0.04 

1.8 
1.84 



nW.48749 vl«70.I 



4.44 

1,65 



n !■!. 00830 

0 4«l.t?lS0 
o M.S44H 



yj= 11.9 
v 4* 49.0 
y S« TO. 6 



SURFACE NO. CURVATURE ASPHERICAL COEFFICIENT 

K B C 

9 ^OflWWM -1.AW0DM! -1.564S7H2 4.80940D-0S 



10 



-S.0399MHOO -UUSWO0 -t.6S80!Hi S.5IW8D-03 -9.3Z248H4 1.92J18M4 
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[0069] Table 1 



NUMERICAL REFER 


ENCE 




1 


2 


3 


4 


5 


6 


7 


8 


CONDITIONAL 
EXPRESSION 1 


1.09 


1.16 


1.13 


1.117 


1.24 


0.91 


1.11 


0,74 


CONDITIONAL 
EXPRESSION 2 


1.51 


1 63 


2.12 


2.15 


1,31 


1.54 


1.04 


1.42 


CONDITIONAL 
EXPRESSION 3 


0.33 


0.37 : 


0.55 


0.49 


0.57 


0.26 


0.44 


0.17 


CONDITIONAL 
EXPRESSION 4 


0.20 


0.20 


0.25 


0.36 


0.25 


0.28 


0.24 


0.27 


CONDITIONAL 
EXPRESSION 5. 


16.5 


16.1 


19.3 


24.2 


19.4 


20.5 


19.0 


20,4 


CONDITIONAL 
EXPRESSION 6 


2,003 


2.003 


2.003 


2.003 


2.003 


2.Q03 


2003 


2003 



[0070] According to Embodiments 1-8, a lens system which 
maintains telecentricity and high optical performance 
despite a simple and small-sized lens structure can be 
achieved. 

[0071] Next, an embodiment of a digital still camera 

(image-taking apparatus) with an image-taking lenses OL of 
Embodiments 1-8 will be described by use of Figs. 17. 
[0072] Fig. 17(A) is a front view of a digital still 

camera, and Fig. 17(B) is a side sectional view. In the 
drawings, Reference Numeral 10 denotes a camera body 
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(chassis), Reference Numeral 11 denotes an image-taking 
optical system using any image-taking lens of Embodiments 1- 
8/ Reference Numeral 12 denotes a finder optical system, and 
Reference Numeral 13 denotes a solid-state image pickup 
element (photoelectric conversion element) such as a CCD 
sensor, a CMOS sensor or the like. The solid-state image 
pickup element 13 receives an object image formed by the 
image-taking optical system 11 and converts the object image 
to electrical information. Object image information 

obtained as the electrical information is storage in a 
storing portion (unillustrated) . 

[0073] By thus applying the image-taking lenses of 

Embodiments 1-8 to an image-taking optical system of a 
digital still camera, a compact image-taking apparatus 
(optical device) can be realized. 



